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Abstract 
Objective: To evaluate the effect of pre-polymerization heating of nanocomposite filling materials on their 
strength properties within one manufacture group. Material and Methods: Two nanocomposite filling 
materials Enamel Plus HRi Universal Dentin® and Universal Enamel® were used. The linear thermal 
expansion coefficient (LTEC), Young's modulus and penetration depth were determined during the tests. 
Changes in the structure of materials were evaluated using electron scanning microscopy. Results: Dentin 
nanocomposite samples after pre-heating and polymerization have higher LTEC after 30°C compared to 
dentine nanocomposite untreated samples with statistically significance started at 62°C (p<0.05) and higher 
temperature. Pre-polymerization heated samples had a statistically higher LTEC (p<0.05) at 57°С. It was 
revealed that Young's modulus of the dentin nanocomposite samples after thermal processing at 55°C was 
higher in total after the first heating cycle by 15% compared to the untreated dentin nanocomposite samples 
(p<0.05). The volume of total porosity after pre-heating decreased to 5-7% (p<0.05). Conclusion: The 
material that has undergone preliminary heat processing is significantly less deformed under load than the 
material that does not have thermal processing during the research was established and also has a denser 
structure. 
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Introduction 
The changes in composite resin fillers have resulted in improvements in the physical, mechanical, and 
esthetic properties of these materials [1]. For example, nanosized fillers have been introduced to improve the 
mechanical properties of such resins [2]. The successful clinical handling and placement mainly depend on 
suitable pre-cure properties of composites [3]. Pre-cure handling properties, such as flowability, stickiness, 
ease of placement and adaptation to cavity walls affect product selection for clinical restoration [4,5]. As well, 
improving composite-to-tooth bond strength has been the objective of many recent dental researches [6]. 
Several studies have evaluated pre-polymerization heating of dental composite resins [7-9]. Pre-
heating makes resin-based composites more fluid and easier to manipulate, without compromising their 
superior mechanical properties [10]. Enhanced flowability can be advantageous in achieving a better 
adaptation to the cavity walls [11-15]. 
The positive effect of pre-polymerization heating of the composite material has been noted in other 
studies. Some authors, as well, paid attention to the improvement of plasticity and fluidity of the filling 
material, which greatly facilitates the process of sealing [16]. Previous authors have noted that the reduction 
of the polymerization stress in the pre-heating of the composite material, which contributes to the 
improvement of the border between the tooth and the composite material [17,18]. Dionysopoulos et al. [19] 
found that pre-heating composites to 55°C increase their surface microhardness. A significant reduction in 
composite material degradation after exposure to temperature before polymerization was observed [20]. 
This study aimed to determine the effect of pre-polymerization heat processing of nanocomposite 
filling materials on their strength properties within one manufacture. The null hypotheses were: (1) the pre-
heating of dental nanocomposites did not affect linear thermal expansion, and (2) the pre-heating of dental 
nanocomposites influence Young’s Modulus after polymerization. 
 
Material and Methods 
Study Design 
In this in vitro study, sixty testing specimens from the nanocomposite material were made of around 
shape with a diameter of 0.8 mm with Enamel Plus HRI Universal Enamel® and Enamel Plus HRI Universal 
Dentin® (Micerium S.p.A., Avegno, Italy). All samples were divided into 4 groups: G1 - Enamel nanocomposite 
(Universal Enamel®) without heat processing; G2 - Dentin nanocomposite (Universal Dentin®) without heat 
processing; G3 - Enamel nanocomposite (Universal Enamel®) after heat processing at 55°C and G4 - Dentin 
nanocomposite (Universal Dentin®) after heat processing at 55°C. 
Two of the four groups were heated in a special oven to 55°C before polymerization with one heating 
cycle; the other two were tested without pre-heating. Polymerization was provided with the VALO Cordless 
Light Curing Unit (Ultradent Products Inc., South Jordan, UT, USA) with 13.1 mm tip external diameter, 9.6 
mm tip internal diameter, 0.72 cm2 of tip area and 1169.4 mW/cm2 of calculated irradiance. These settings are 
satisfied to deliver the same irradiance to the whole sample [21]. 
Testing and evaluation methods were provided with the following international standards [22-25]. 
The devices that were used for the measurements are described in Table 1. 
The evaluation of coefficient of thermal linear expansion of the investigated materials was carried out 
in the temperature range from - 10˚C to + 80˚C, with a heating rate of 1K/min. The samples underwent 
several cycles of heating-cooling, after which we recorded coefficient of linear thermal expansion. 
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Table 1. Technical characteristics of the devices used for the measurements. 
Devices Serial Number 
Measurement 
Range 
Tolerance, Measurement 
Uncertainty 
Date of 
Certification 
Netzsch Dynamic Mechanical 
Analyzer (DMA 242С) 
160-3-148 G (-160÷600)°C ± 1oC 27.10.2017 
Calliper 70-0,05 1 B 201782 (0,03÷70) mm ± 0.03 mm 07.06.2017 
 
The coefficient of linear thermal expansion reflects the relative increment in the sample's length 
caused by an increase in its temperature by one degree. Thermometric analysis (TMA) is used for testing.  The 
change in the size of the test sample with the help of TMA equipment is determined as a function of 
temperature while obtaining a TMA curve from which the coefficient of linear thermal expansion and the glass 
transition temperature are determined. 
The differential coefficient of linear thermal expansion α, К-1(°C-1) at T is calculated using the TMA 
curve according to the formula: α = dL/dT x 1/L0; where L: the length of the test sample at t, µm; T-test 
temperature, K (°C). L0 - the length of the test sample at 23°C, µm. The calculation of α is carried out with an 
accuracy of 1·10-7К-1 (°C-1) separately for each test sample. As a result of the test, take the arithmetic mean 
value α for individual samples, rounded to 1·10-6К-1(°C-1). 
In the manifestation of glass transition of the test, the sample is calculated coefficient of linear thermal 
expansion before and after glass transition. 
The average coefficient of linear thermal expansion α̅, К-1(°C-1) in the set temperature range T1 and T2 
is calculated using the TMA curve according to the formula: α̅ = ΔL/ΔT x 1/L0; where ∆L - change in the 
length of the test sample within the temperature range, µm; ΔT = T2 – T1; temperature increment from T1 to 
T2, K (°C); L0 - the length of the test sample at 23°C, µm. 
The dependence of Young's modulus and strain under a load of Universal Dentin on temperature was 
estimated in the three-point bending mode. The loaded sample under the scheme of three-point transverse 
bending is heated. Then, the sample's resistance force is determined depending on the temperature with further 
construction of the thermometric curve. The temperature range was between minus 20°C and up to plus 70°C 
with a heating rate of 1К/min. Force application frequency was 5Hz, a mechanical force was about 45 kg/m2, 
deformation amplitude was about 240 µm. 
Young's Modulus measurement were also performed with penetration carrier. The temperature range 
was between - 20°C and up to + 70°С with a heating rate of 1К/min. Force application frequency was 0,5 Hz 
and 5Hz, mechanical force was about 1024 kg/m2, which is roughly equal to the force generated by the biting 
of human jaws. 
For the electron scanning microscopic examination, the JEOL-JSM-6490LV (JEOL Ltd., Tokyo, 
Japan) scanning electron microscope was used. It was equipped with a low vacuum system that allows the 
observation of water-saturated or non-conductive samples without spraying. 
 
Data Analysis 
The one-way ANOVA test was provided with StatPlus 6 (AnalystSoft Inc., Walnut, CA, USA) for the 
average data obtained in each testing group. The significance level was set at p<0.05. 
 
Results 
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The analysis of the results revealed that linear thermal expansion coefficient (LTEC) is different 
between the samples with preliminary thermal processing and the untreated samples. LTEC for dentin 
nanocomposite samples has the negative values, as well as for the enamel nanocomposite samples. The dentin 
nanocomposite samples in the studied temperature range after pre-heating and polymerization have higher 
LTEC after 30°С compared to dentin nanocomposite untreated samples (Figure 1). Statistically significant 
difference was observed at 62°С (p<0.05) and higher temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Average linear thermal expansion coefficient for dentin nanocomposite samples. Untreated 
samples (the red line) and samples after being exposed to 55°С (the green line). 
 
LTEC of both types of tested enamel nanocomposite samples have a similar pattern; however, pre-
polymerization heated samples had a statistically higher LTEC (p<0.05) at 57°С and higher temperature 
(Figure 2).  
Comparing the data regarding depth penetration of enamel nanocomposite untreated samples and 
enamel nanocomposite samples after 55°C exposure 500% difference was shown for enamel nanocomposite 
after 55°C exposure samples. Thus preparatory thermal exposure process grants 5 times better stress and 
strain stability for enamel nanocomposite material (p<0.01). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Average linear thermal expansion coefficient for Enamel Nanocomposite Samples. Untreated 
samples (the pink line) and after being exposed to 55°С (the blue line). 
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The results of the temperature dependence of Young's modulus are presented in Figures 3 and 4. It 
was revealed that Young's modulus of the dentin nanocomposite samples after thermal processing at 55°C was 
higher in total after the first heating cycle by 15% compared to the untreated dentin nanocomposite samples 
(p<0.05). Young's modulus's difference did not exceed 5% in the second (p=0.6) and third (p=0.6) tests. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Average Young’s modulus measurement in 3-point bending situation. Dentin nanocomposite 
untreated samples. Three sequential measurements of the same sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Average young’s Modulus measurement in 3-point bending situation. Dentin nanocomposite 
samples after 55°C exposure. Three sequential measurements of the same samples. 
 
During scanning electron microscopy (SEM) of all baseline samples, the microdisperse structure of the 
materials with particle sizes from 0.5 to 5 microns was observed. The total porosity of the material was 15% of 
the total volume, individual pores reached a size of 5 µm (Figure 5). 
In the study of the structure of pre-heated to polymerization, samples revealed the compaction of the 
material structure; there are separate isolated pores up to 2 µm in size, the volume of total porosity decreased 
to 5-7% (p<0.05) (Figure 6). Electron-scanning photos of samples with pre-polymerization heating are 
characterized by higher image brightness (Figure 7). 
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Figure 5. The untreated nanocomposite sample. Pores are clearly distinguished between the crystals, 
the total porosity of the material reaches 15%, particles 0.5 and 5 microns in size. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The sample is heated prior to polymerization. It reveals significant compaction of the 
material structure and a decrease in the total porosity to 5-7%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Comparison of SEM samples with the heating (B) and untreated (A) samples: the smoothness 
of the dispersed structure of the sample subjected to pre-polymerization heating and a decrease in its 
porosity are clearly observed. A sample with a thermal history has greater image brightness due to a 
closer arrangement of particles. 
 
Discussion 
A 
B 
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The link between dimensional stability and clinical success of resin composites has long been 
postulated [29-31]. Thermal expansion is the factor that can also affect the dimensional stability of dental 
resin composites [26]. The differential in the thermal expansion coefficients between dental composite resins 
and tooth structures lead to differences in movement and the generation of stress on the bonded interface 
between them. In this study, linear thermal expansion coefficient measurements for all tested samples were 
performed with a temperature range between minus 10°C and up to plus 70°С with a heating rate of 1К/min 
and the difference for all tested samples was statistically more favour for the pre-polymerization heating, that 
is why the first null-hypothesis was rejected.  
Comparing the absolute value of LTEC of the dentin and enamel nanocomposite materials, the enamel 
nanocomposite was less susceptible to effect of changing size with the pre-heating than the dentin 
nanocomposite material and the difference was significant after 0°C (p<0.05). Such properties should allow 
dentin nanocomposite material to have better contact with tooth tissue with no detachment under hot and cold 
food effects [27,28]. However, it is possible to observe fractures between dentin and enamel nanocomposite 
materials under thermal impact conditions due to differences in LTEC values for these materials [26]. 
The results of the study of Young's modulus dependence on temperature confirm the conclusion that 
the physical properties of the composite material significantly improve after heating [32] that accepts the 
second null hypothesis. There is an increase in the rate of Young's modulus by 15% for samples with 
preliminary pre-polymerization heating. It should also be noted that after second heating-cooling cycles, this 
effect is eliminated. 
Electron scanning microscopy results indicate an increase in the density of the images with samples 
after pre-polymerization heating, and there is a decrease in the porosity of the material. Increasing the 
brightness of the image can be judged on the proximity of the filler particles and the degree of their reflection 
[33]. Thus, the heated material, according to SEM, has a higher density, and therefore a lower roughness due 
to the greater smoothness of the dispersed structure of the matrix in the composite after the conversion during 
heating. Such changes in the structure of the composite material have a positive effect on the strength of the 
restoration and its longevity [34]. 
 
Conclusion 
The research results made it possible to detect differences in physical properties among the samples of 
composite materials that have undergone preliminary thermal processing and untreated before polymerization 
samples. The material that has passed the preliminary stage of thermal processing at 55°C is significantly less 
deformed under load than the material that does not have thermal processing. The use of pre-heated composite 
material facilitates its incorporation into the cavity and distribution and increases the restoration's longevity. It 
is also important that the ability of the material to withstand the compression load is also increased. 
Preliminary thermal processing increases dentin resistance and enamel nanocomposite to deformation under 
load up to five times, allowing you to keep the shape of the fillings when chewing load. It is also proved to 
increase the density of the pre-heated material and reduce its porosity. We have concluded that heating a 
composite material is a practical and effective way to improve its properties based on the above. 
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